The demand for long durable hydrophobic surface is rising as more and more devices are coming to market.
INTRODUCTION
The dominant material used in fabricating devices is silicon which is susceptible to hydrolysis. The reaction products of silicon hydrolysis such as silicon hydroxide, silicon gel often cause increased adhesion and stiction [1] . To prevent such degradation, a hydrophobic film is needed. Such films can be effected by hydrocarbon films such as oleic acid or organic thiols, some of which can be self-assembled [2] . However, many such films are not very durable because surface heterogeneity and reconfiguration of molecules creating pin holes and defects which allow water penetration [3] .
In this paper, we describe a novel design for a durable hydrophobic film based on the concept of molecular size stacking to create a densely packed film with reactive anchors to the surface and mobile molecules for self-healing. To prevent long term exposure to air hence oxidation and evaporation, the film will be covered by a cross-linked polymeric network. This way, a durable film of about several nanometers thick has been constructed.
EXPERIMENTAL DETAILS AND RESULTS
The design concept for our durable hydrophobic film is shown in Figure 1 and consists of three steps. First, chemically bonded stearic acid molecules were introduced by dip coating followed by mechanical activation, which induce exo-electron emission [4] and bonding.
Figure 1 Design concept for the new film
This process can make a chemical bonding between stearic acid molecule and silicon substrate as strong as conventional self assembled monolayer films. Secondary molecules were then added to increase the packing density and mobility of the film. Finally, a UV-induced polymer net was added on top of the combined molecules to prevent the loss of molecules through oxidation or evaporation.
For the first step, we glued diamond powders onto a lens to produce a well-distributed 200-400 nm high field of diamond tips. This was used to induce the mechanical activation of the Si surface by scratching. As a result of scratching on a film of stearic acid on Si applied by dip coating (0.1 wt% stearic acid in hexane, 1 mm/s), we obtained 20-60 nm deep surface scratches with bonded stearic acid. FT-IR analysis of the scratched surface showed that as the number of scratches increased, the average molecular orientation of the stearic acid 
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was more perpendicular to the surface suggesting that chemical bonding has taken place. Figure 2 shows the result of scratching. After washing off the unbonded, physisorbed stearic acid molecules using 99% hexane, FT-IR analysis shows that the mechanically activated molecules still remain on the surface (bands at 2920cm-1 & 1701cm-1) whereas non-activated molecules are removed.
Figure 2 FTIR spectra of stearic acid films on Si with and without scratching
A multiply alkylated cyclopentane (MAC) synthetic molecule which has long alkyl chains to increase the packing density and mobility was used as the second molecule. Bisphenol ethoxylated dimethacrylate which is UV crosslinkable and has strong hydrophobicity was adopted as the third molecule. Both molecules were co-deposited in a mixed state by dip coating (0.25wt%, 1mm/s). Photopolymerization was initiated by a 254 nm, 20 mW/cm 2 mercury UV lamp. A 5 minute curing time was adequate to produce a cross-linked polymer net and achieve the highest hydrophobicity (water contact angle of 98°). The film thickness was measured by scratching away the film and measuring the cross section by AFM. The total thickness of film was about 2 nm.
AFM analysis obtained by tapping mode is able to provide information on topography and material structure due to the different phase response of each material [5] . The topographic image (Figure 3a) indicates the film is quite uniform. The phase image (Figure 3b ) shows that there are two different materials which have different material properties. The bright region is thought to be crosslinked polymer and the dark region is thought be composed of uncured secondary molecule (MAC). Solubility (in cyclohexane) and water penetration tests under pressurized water were performed in order to identify the reliability and durability of the new experimental film. The new experimental film has good resistance to cyclohexane and water even after 6 days immersion. A high pressure water penetration test (Figure 4) shows that contact angle remained intact even after exposure to high pressure water.
Fig. 4 Contact angle change after penetration test under pressurized water

CONCLUSIONS
A three-component durable hydrophobic film was created on Si using a combination of dip coating, diamond scratching and UV curing. It consists of a stearic acid bonded layer, a long chain hydrocarbon mobile layer and a cross-linked polymer network all combined in a film approximately 2 nm thick. The film is very durable even under exposure to humid environments and offers potential for coating MEMS devices to reduce stiction and adhesion.
